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DETAILED ACTION 
Priority 

1 . Acknowledgment is made of applicant's claim for foreign priority under 35 
U.S.C. 1 19(a)-(d). The certified copy has been filed in parent Application No. 
PCT/IB03/06480, filed on 10/20/2003. 

Claim Objections 

1 . Claim 16 is objected to because of the following informalities: claim 16 requires 
"the depth of indents in said indented cross-section or the height of protrusions in said 
protruded cross-section is in the range 10-100 A"; this is not supported by Applicant's 
specification. Applicant discloses the depth of the indents or the height of protrusions to 
be comparable to the de Broglie wavelength, not in the range of 10-100A (see pp 2 of 
Specification). Examiner suggests changing claim 16 to read "the width of indents... or 
width of protrusions", as supported by the specification, and the claim will be treated as 
such for the purposes of this action. Appropriate correction is required. 

Claim Rejections - 35 USC §112 

2. The following is a quotation of the second paragraph of 35 U.S.C. 1 1 2: 

The specification sliall conclude witli one or more claims particularly pointing out and distinctly 
claiming the subject matter which the applicant regards as his invention. 

3. The term "much more" In claim 5 Is a relative term which renders the claim 
Indefinite. The term "much more" is not defined by the claim, the specification does not 
provide a standard for ascertaining the requisite degree, and one of ordinary skill in the 
art would not be reasonably apprised of the scope of the invention. 
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Claim Rejections - 35 USC § 102 

4. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 1 02 that 
form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public 
use or on sale in this country, more than one year prior to the date of application for patent in the United 
States. 

5. Claims 1-2, 6-12, 14, 16, 18, and 20 are rejected under 35 U.S.C. 102(b) as 
being anticipated by Ghoshal (WO 02/47178, cited in IDS). 

As to claim 1, Ghoshal is directed to a tunnel barrier for controlling the movement 
of electrons through a thermoelectrical material comprising a potential barrier having an 
indented or protruded cross-section (see Figure 14; pp 16, 3"^ and 4'^^ paragraphs; also 
see Figure 2; pp 9, 1^' and 2"^ paragraphs). 

Regarding claim 2, the reference teaches the depth of indents in said indented 
cross-section or the height of protrusions in said protruded cross-section to be chosen 
to set a threshold energy value above which the barrier is transparent to electron flow, 
and below which electron flow is prevented (pp 9, 2"^ paragraph; see also Figure 14 and 
pp 16, 3"^ and 4*'' paragraphs). 

Regarding claim 6, the reference teaches the potential barrier comprising an 
electrical insulator, Ghoshal teaches evacuating the areas between and around the tips 
(250) this evacuation reads on the instant electrical insulator (pp 6, 4th paragraph to pp 
7, 2"" paragraph and pp 8, 2"" paragraph). 
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Regarding claim 7, Ghoshal is directed to a thermoelectric device (Figure 2) 
comprising a first thermoelectric material (210), a second thermoelectric material (212), 
and one or more tunnel barriers of claim 1 (216, also see Figure 14 (1402)). 

The reference teaches the use of tips 1402 (Figure 14) being usable in a 
thermoelectric cooler to provide tunneling of electrons (see pp 16, 4"^ paragraph). The 
use of these tips (1402) in the thermoelectric cooler (Figure 2) taught by Ghoshal is 
clearly within purview of the reference. 

Regarding claims 8-10, the reference teaches the first thermoelectric material 
(210) comprising an n-type material, the second thermoelectric material (212) 
comprising a p-type material, and a tunnel barrier (250) in electhcal contact with an 
anode of the n-type material and a cathode of the p-type material. 

It is the Examiner's position that the tunnel barriers (250), the thermoelectric 
materials (210 and 212), and the electrodes taught by Ghoshal are all in electrical 
contact. Therefore claims 8-10 are met. 

Regarding claim 1 1 , the reference teaches a method for making the 
thermoelectric device comprising forming an indented or protruded structure on a 
surface of a first thermoelectric material, forming an electrically insulating material over 
the indented or protruded surface, and attaching a second thermoelectric material to the 
insulating material (pp 8, 2"" paragraph; Figure 8; pp 12, 4*'' paragraph - pp 13, 2"" 
paragraph). 

It is the Examiner's position that Ghoshal's evacuation of the areas between the 
around the tips (250) reads on the instant forming of an electrically insulating material 
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over the indented or protruded surface as the vacuum is formed when the area is 
evacuated. 

Regarding claim 12, the reference teaches the step of forming an insulating 
material comprising depositing the insulating material (Figure 8; pp 12, 4'^^ paragraph - 
pp 13, 2"^^ paragraph). 

It is the Examiner's position that the instant step of depositing the insulating 
material is met by Ghoshal's teaching of forming an evacuated seal in the areas 
between and around the tips of his device. 

Regarding claim 14, the reference teaches the step of forming an indented or 
protruded structure comprising etching (Figure 8; pp 12, 4* paragraph - pp 13, 2"^^ 
paragraph). 

Regarding claim 16, the reference teaches the width of indents or width or 
protrusions in the tunnel barrier being in the range of 10-100A, where A is the de Broglie 
wavelength of the electrons (Figure 5; pp 1 1 , 2"" paragraph). 

At 300K, an average electron has a de Broglie wavelength of approximately 9nm. 
Therefore the instant range of 10-100A would be approximately 90-900nm. The tip 
radius of the tunnel barrier (which reads on the instant width of protrusion) taught by 
Ghoshal ranges from 30-50nm. This radius clearly falls within the range required in the 
instant claim, thus claim 16 is met. 

Regarding claims 18 and 20, the reference teaches the first or second 
thermoelectric material being selected from the group consisting of: Bi2Te3, Sb-doped 
Bi2Te3, Se-doped BiaTes, Bii-xSbx, and CoSb (see claims 5 and 6). 
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6. Claims 1-5 are rejected under 35 U.S.C. 102(b) as being anticipated by 
Tavkhelidze (US 6281514, cited in IDS). 

As to claim 1 , Tavkhelidze is directed to a tunnel barrier (Figure 2, (17)) 
comprising a potential barrier having an indented or protruded cross-section (also see 
column 4, lines 50-60). 

Claim 1 recites the tunnel barrier being "for controlling the movement of electrons 
through a thermoelectric material" which is directed to intended use and will therefore 
not be given undue weight. However, even if this were to be given weight in the claim, it 
is the Examiner's position that the thermionic materials utilized in '514 read on the 
instant thermoelectric materials and the movement of electrons through the tunnel 
barrier would certainly be controlled (see column 4, lines 60-67). 

Regarding claim 2, the reference teaches the depth of indents in the indented 
cross-section or the height of the protrusions in the protrusion cross-section being 
chosen to set a threshold energy value above which the barrier is transparent to 
electron flow, and below which electron flow is prevented (column 4, line 55 to column 
5, line 25). 

Regarding claim 3, the reference teaches the depth of the indent in the indented 
cross-section being given by the relationship (nA+A)/4, where n is 0 or a positive integer 
(column 4, line 50 to column 5, line 10). It is the Examiner's position that for certain 
values of n (i.e n=0), this relationship will give the same indent depth as required by the 
instant claim. Therefore, claim 3 is met. 
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Regarding claim 4, the reference teaches the integer n having a value between 0 
and 4 (see claims 4 and 6-7). 

Regarding claim 5, the reference teaches the width of indents in the indented 
cross-section or width of protrusions in the protruded cross-section is much more than 
A, where A is the de Broglie wavelength of the electrons, and where n is 0 or a positive 
integer (column 5, lines 1-25). It is the Examiner's position that the indent width being 
on the order of 2 A, as taught by '514 reads on the instant "much more than A". 
Therefore, claim 5 is met. 

Claim Rejections - 35 USC § 103 

7. The following is a quotation of 35 U.S.C. 1 03(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

8. The factual inquiries set forth in Graliam v. Jolin Deere Co., 383 U.S. 1 , 148 
USPQ 459 (1966), that are applied for establishing a background for determining 
obviousness under 35 U.S.C. 103(a) are summarized as follows: 

1 . Determining the scope and contents of the prior art. 

2. Ascertaining the differences between the prior art and the claims at issue. 

3. Resolving the level of ordinary skill in the pertinent art. 

4. Considering objective evidence present in the application indicating 
obviousness or nonobviousness. 

9. This application currently names joint inventors. In considering patentability of 
the claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of 
the various claims was commonly owned at the time any inventions covered therein 
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were made absent any evidence to the contrary. Applicant is advised of the obligation 
under 37 CFR 1 .56 to point out the inventor and invention dates of each claim that was 
not commonly owned at the time a later invention was made in order for the examiner to 
consider the applicability of 35 U.S.C. 103(c) and potential 35 U.S.C. 102(e), (f) or (g) 
prior art under 35 U.S.C. 103(a). 

10. Claims 13, 17, and 19 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Ghoshal as applied to claim 1 above, and further in view of Saida et 
al. (US 5866930). 

Regarding claim 13, Ghoshal is silent as to the step of forming an insulating 
material comprising oxidizing the first material. 

It is known in the thermoelectric art to oxidize a thermoelectric material to form an 
insulating layer, as taught by Saida et al. (Figure 5A-5C; column 9, lines 9-37), to 
ensure structural stability of the thermoelectric device. 

Therefore, it would have been obvious to one of ordinary skill in the art at the 
time of the invention to utilize thermal oxidization to form the insulation material, as 
taught by Saida et al. to ensure the structural stability of the device and to maintain the 
nanometeric distance between Ghoshal's tips (Figure 14 (1402)) and the lattice 
structure (1404) to allow for tunneling. 

Regarding claims 17 and 19, Ghoshal is silent as to the electrical insulator being 
selected from the group consisting of: Si02, Si3N4, AI2O3 and titanium oxide. 
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However, it is well known in the thermoelectric art to utilize Si02as an electrical 
insulator, as taught by Saidi et al. (Figure 5A (112); column 9, lines 9-37) as formation 
of Si02 is well known easily executed. 

Therefore, it would have been obvious to one of ordinary skill in the art at the 
time of the invention to utilize Si02 as an electrical insulator, as taught by Saidi et al. 
(Figure 5A (112); column 9, lines 9-37) to allow for ease of insulator formation. 
1 1 . Claim 15 is rejected under 35 U.S.C. 103(a) as being unpatentable over Ghoshal 
as applied to claim 1 1 above, and further in view of Brannon. 

Regarding claim 15, Ghoshal is silent as to the formation of an indented or 
protruded structure comprising ablation. 

However, it is known in the art that ablation and etching are substantially similar 
and essentially interchangeable (Brannon; pp 11, 2"^^ column to pp 12, 2"^^ column). 

Therefore, the formation of an indented or protruded structure by either etching 
(Ghoshal, Figure 8) or ablation would produce a substantially similar result; the use of 
either would clearly be within the purview of one of ordinary skill in the art. The selection 
of a known material based on its suitability for its intended use supported a prima facie 
obviousness determination in Sinclair & Carroll Co. v. Interchemical Corp., 325 U.S. 
327, 65 USPQ 297 (1945). 

Contact/Correspondence Information 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to SHANNON GARDNER whose telephone number is 
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(571 )270-5270. The examiner can normally be reached on Monday to Thursday, 8am- 
5pm EST. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Jessica Ward can be reached on 571 .272.1223. The fax phone number for 
the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more Information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 



IS. G.l 

Examiner, Art Unit 4132 
/Jessica L. Ward/ 

Supervisory Patent Examiner, Art Unit 4132 



